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ABSTRACT

- Commercially available .alfalfa seeds: were inoculated with low levels (~ 4.CFU/g) of pathogenic bacteria. = The
.inoculated seeds were then allowed to. sprout in sterile tap water at 22 °C. ' After 48 hours, the irrigation water and
sprouts were separately transferred fo bovine heart infusion (BHI) media. The microbes in the BHI samples were
allowed to grow for 4 hours at 37 °C and 160 rpm. Specific immunomagoetic beads (IMB) were then applied to capture
the E.coli O157 and/or Salmonella in the growth media. Separation and concentration of IMB-captured pathogens were
achieved using magnetic: scparators. The: captured £ cofi O15T:H7 and Salmonella spp: were fusther tagged with
europium (Eu) labeled anti-£: cofi 0157 antibodies and samariem (Sm) labeled anti-Salmonella antibodies, respectively.
- -After washing, the lanthanide: labels were extracted out from- the complexes by specific chelators-to-form strongly
fluereseent chelates. The specific imeresolved fluorescence (TRF) assogiated 'with Buoor. Sm was measured to ostimate
the extent of capture of the £, coli 0157 and Salmonella, respectively. - The results indicated that the approach could
- detect E. coli 0157 and Salmonella enterica from the seeds: ingcutated with ~ 4 CFU/g of the pathogens. Non-targeted

bacteria, e.g., deromonas and Citrobacter exhibited essentially no cress reactivity. Since the pathogen detection from
.-the sprearts was- achieved. within 6 hours, the developed meth@doiogy could be use as a mpzi sensitive and speciim :
screening process for £ coli 0137 and Sadmonella enterica th this popular salad food.

Keywerds: Baclerial detection, £, coli O157H7, Saimonella spp Time Resolved Fluorescerics: Immuﬂemasmenc
: beacﬁs, Alfaifa sprouts,; Lanthanide Cations, O e SR
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The use of plant sprouts a5-a saiad mumdwnt hias gamed considerable aecemance by ‘Americag consumers,
However, outbreaks of £ coli-O157:H7 and Salmonella-spp. associated with the consumption of raw sprouts have
become a concern %, Sprouting of pathogen contaminated seeds may-lead to rapid growth of the bacteria to levels as
high as 10° - 10° CFU/g of pmduct R and the infernalization of bacteria into t%}e edible paz’t@ of the bpauis makes them
difficult to disinfect afier sprouting

Direct tosting of Gﬁntammated seads is difficult becanse of the unevenness distribution of pathﬂgens @ Thus;
‘the'Food and-Drug Administration has recommended testing of spent irrigation water from sprout production m%@ad ®
.. Currently, FDA ) recommends the use of VIP EHEC (Biocontrol Systems, Inc., Bellview, WA) or Reveal F. wfz
ST HT tests (Neogen Corp. Lamm_ﬁ MI) for the detection of £:eoli O137HT and Assurance Gold Safmonelia EIA or
Visual Immuno-precipitate (VIP) assay for Salmonella (both from Biocontrol Systems, Inc., Bellview, WA for the
detection of Safmonella spp in the spent irrigation water. However, the E. colf tests require an overnight incubation i
medified buffered peptone water with three added antibiotics and the Salmonella methodology requires pre-enrichment
and enrichment for approximately 48-50 hours before testing. Thus, there is a need to develop sensitive and specific
alternatives that can be completed in shotter time periods.

Recently, we have combined the immunomagnetic beads (IMB) technigue with time-resolved fluorescence
{(TRF) of lanthanide cations, to detect E. coli O157:H7 and Salmonella m foods "' The long fluorescence half-lives
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and considerable Stoke's shifls between the absorption and emission maxima of La cations minimize both the
background flucrescence interference and random scitterinig of extifation light.  Consequently, utilizing pulsed

. excitation, the fluorescence of La may be easily filtered out from the interference fluorescence and scattered excitation
fight by delaying the emission measurement, The de ‘.Liﬂpbﬂ process is capable of detecting very low levels of E. coli
M3T:H? and Sedmonella spiked in ground meats-and in apple cider and has been foond te show a minimal cross-
reactivity with non-target bacteria. We have modified and extended the developed procedure to detect £, cofi 0157 and
Salmonella in both 48 h spent alfal{a sprout rrigation water and germinated alfalfa sprouts, The resulis demonsirated
that selected outbreak strains of E. coli O15T:H7, E. coli O157:NM and Sclionella found in sprouts, were detectable in
both the spent irrigation water and sprouts germinated from contaminated seeds {~ 4 CFU/g) after a briel enrichment for
4hat37C

2. MATERIALS AND METHODS

2-1. Collection of Pathogens from Alfalfas Germinated from Pathogen Inoculated Seeds.

Fresh F. cofi and Sofmonella coliures were used to inoctlate alfalfa seeds in growth-jars with indicaied dosages.
Twenty-four hours afler the seeds were inocnlated, sterile tap water was added to each jar, the jars were swirled for 13
seconds, the spent irrigation water was decanted and the jars were refurned fo storage in the closed plastic containgr. At
48 h, sterile tap water was added to each jar, swirled as above to mix and 9.0 ml. of the water transferred to a 15 mL
sterile conical tube containing 1.0 mi. of 10X BHL The tubes were then incubated for 4 b at 37 C and 160 rpm. To test
the sprouts for pathogens, at 48 hours of genmination; normal strength BHT in-a volume of 230 ml was added to
duplicate jars with growing sprouts. The whole sprouts phus the added media were then incubated for 4 hoat 37 C and
160 rpm for bacterial envichment.

2-2. Captare of E. coli and Salmonelln '

At the end of the enrichment, broth was removed from each tube {for irrigation v\aater) o jar (for whole §prouts)
to micro centrifuge tubes containing either anti-E. cofi 0157 antibody-coated }MB {Dynal Biotech, Oslo, Norway), for
&. coli controls and E, -coli inoculated sprouts or anti-Salmonella antibody-coated IMB (Dynal Biotech, Oslo, Norway},
for Salmonella controls: and Safmonella inoculated sprouts: The tubes werg then ncubated at room temperatwre for 20
min on 3 Spect-Mix rocker {Barnsiead/Thermolyne, Dubugue, IA) fo-allow fonmation. of bacterial-bead complexes.
After the incubation, the beads were concentrated ntilizing a magnetic particle concentrator (MPC, Dynal, Biotech, Oslo,
Morway) and washed twice with washing concentrate (PerkinBlmer Wallac, Turky, Finland) containing a Tris-HCI salt
solution buffered to pH 7.8, Tween 20 and a preservative, diluted according to manutacturer’s darecnmq and
supplemented with an additional 0.3% (v/v) Tween 20 (SIGMA. 8t Louis, MQO). ‘ ‘

3-3. -Labeling of E. coll and Sefmonells ‘
After the bacteria were captured by the beads, either europivm-labeled anti-E. ¢0fi Q157 antibody or sangarium-
labeled anti-Salmenella antibody or both (Kirkegaard & Perry Laboratories, Gaithersburg, MD: labeled at PerkinClmer
Life Sciences, Norton, OH) diluted 1:1000 in TRF assay buffer (PerkinElmer Wallac, Turku Finland),; supplemented
with 0.1% (v/v). Tween 20 to minimize non-specific binding, was added to each tube. The tubes were then voriexed to
mix and incubated at room temperature for 40 min on a Speci-Mix rocker to allow formation of bead, bacteria and
ianthanide-lgbeled aptibody sandwiches. The beads were concentrated-again and washed twice as previously described,

PN i}ctr:ctmn of E. coli and Salﬂwua’m

To generate highly fluorescent Eu or Sa complexes, the bead, bacteria and Eamhmﬂd&l&m ed antibody
sandwiches were re-suspended in enhancement solution (PerkinElmer Wallac, Turku, Finland) containing Triton X-100,
acetic acid and chelates, added to separate wells of a 96-well black micre plate and incubated for '5 mir at-room
temperature on a plate shaker. Disseciation enhanced fluorescence was measured with 8 VICTOR? 1420 Mukilabel
Counter {PerkinElmer Wallac, Turku, Finland).
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3. RESULTS AND DISCUSSION

3,1, IMB-TRF for the Detection of Outbreak Strains of £. cofi 0157 and Salmonelia

Prmmual}” we have demonstrated that the combination of IMB and TRF will detect both £ coli O157.HY and
Salmonella spiked in ground meats with inocutum levels as fow as 10" CFU/g U1 This appsmch a8 sumimarized in
Figure 1. has yet to be tesfed for ifs applicability i detecting similar pathogens in foods of plant origins.

+ Chelator

Figure 1. General Approach of IMB Capture and TRF Measurement for Pathogen Detection. Pathogens (£. coli O157:H7 and
Sedmonelic) were captumd by specific IMBs. The capture bacteria then formod sandwachud complexes with La-labeled autibodies
{Tn for anti-£. colf 0137 and Sm for anti-Salmonella, respectively). The san{iwmhes were then treated with strong. chelators o
extract La to forns highly fldorescent produets,

Outbrealk strains of £ celi O157 and Salmonelin cultured in our lab, were used to inoculate alfalfa seeds. allowed to
multiply on the sprouting plants, captured from 48 h irrigation water or sprouts by IMB and detected by TRY (Figure 1)
For pure cultures, the detection sensitivity for the £ coli Q157 is ~ 10° CFUimL. For Sahmonella, the process can detect
~10° CFU/mL Bredeney 3VIPHE but requires 10" CFU/mL of other strains of Safmonella (Table 1).

Table 1. Detection Sensitivity toward (butbrealk Stains of Pathogens™

E. coli 0157 Salmonella _
N Bredeney Muenchen | Stanley Anatym Infantis Mewpart
CFU/ML 7 F4346 | 98A06026 | SVIPHE HERV2ZC | HDSS8 4317 . | P43 | H12T7S
LOOE+0S 26913353 2803650 1 27044 10107 12052 13807 18479 ARy
LOGE+04 868448 1203311 18631 46?2_ . 7759 3690 6023 4997
1L.OOE+03 63280 93134 5320 1281 3429 1301 1309 1781
0 eGS0 ~ 1300

. * The background TRF signals for the IMB and Eu-labeled pmd Sm-iabdnd anuhndle& used for £ mf; 0137 and
Saimonelia detection were ~4500 and 1300 CPS, respectively.
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The exact reason for this observation is unknown. One possible cause may be befter binding of the anti-Sefmonella
antibody to the Bredenev stain. Overall, the detection sensitivity for £. cofi O157 15 about one order of magnitude better
than that for Salmonella.

3-2. Detection of Pathogens in Laboratory Cultivated Sprouts Grown From Inoculated Seeds

An analysis of spent irrigation water should indicate whether the sprouts, and therefore the seeds, are
contaminated by pathogens. Experimentally, alfalfa seeds artificially contaminated with £, coli O157 or Salmonelia were
used 1o produce sprouts as described in Materials and Methods, Fortv-eight hours after seedling, spent irrigation water
was removed from each sample, mixed with BHI, and then incubated at 37 C for 4 hours. Afier this brief enrichment,
piathogen detection was performed using described IMB-TRF technol ogy.

As shown s Fignre 2, ufilizing 48 b spent irrigation water as ICCGH}mtﬂﬁ\,d by the @, the presence of £, coli
0157 or Salmonella in alfalfa sprouts germinated from seeds with contaminated levels as low as 4 CFU/fg is easily
detectable. Since our previous study on ground meats demonstrated no cross reactivity between the £, coli O157 and
Sulmonella antibodies used in our developed procedure ‘' the procedure may be used to both detect and differentiate £,
coli 0157 and Safmonella contammation of sprouted food products.

Detection of Pathogens in Sprout Irrigation Water

1.00E+07
Inoculation Level ~ 4 CFU/g of seeds
& 1.00E+06 -
E |
0
i 1.00E+04 -
(= .
1.00E+03 - %
) & 8 s O
b & < =T
i = - < g
E. coli 0157 “ Salmonelia

Figwre 2. Detection of Pathogens in Trrigation Water, Couimercially available alfalfa seeds were spiked with known levél of
pathogens {4 CFU/g), Contamginated seeds were allowed to germinate by imvigating with sterilized tap water. The water was
collected and tested as described in Muaterial and Methods, The data shown represent average of two experiments with probable
erpors as + 10%. The dashed lines indicate the averages of backgrownd readings for £. cofi 0157 bacteria (Evdabel) and Saimonella
bacteria (Smelabel).

The developed detection method was also applied sprowts directly. Portions of 25 g of whole sprouts were aséptically
transferred to the BHI culture medium for the enrichment. Both the sprouts and the spent irrigation water equally
showed the presence of the pathogens as depicted in Figure 3. This experiment demonsirated lhal the spent frrigation
water test is indicative of the presence of E. coli 0157 or Salmonella on alfalfa sprouts.
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3-3, Cross resctivity and Specificity of the IMB-TRF process

In ground meat systems, the developed detection method has exhibited no cross-reactivity between E. coli G157
and Safmonella V. Certain commercially available tests for the detection of E. coli 0137 and Salmonello show cross-
reactivity with deromonas hydrophila and/or Cirrobacter freundii (personal communications from sprout growers). To
test developed IMB-TRF protocol for cross-reactivity, the experiment described above was repeated by replacing £. coll
0157 and Selmonella with Aeromonas hvdrophila (ATCC 7963) and Citrobacter freundii (ATTC 8090}, Even when
prosent at concentrations as high as 10° CFU/g, no cross-reactivity was detected with either of these organisms {data not
shown). Since the specificity and sensitivity remains high in our current study, the IMB-TRF pathogen detection process
described in this report would be useful for the detection of E. coli 0157 and Salmonella, individually or simultanecusly,
m sprouts. ‘

3-4. Conclusion B :

According to International Sprout Growers Association (ISGA), annual human consumption of alfalfa sprouts
in the United States has reached $250 million doflars ™. Since 1995, raw alfalfa sprouts have emerged as a recognized
source of foodborne iliness in the United States, After investigation by the California Department of Health Services of
sprout-related outbreaks due to Salmonelio and E. cofi 0157, FDA issued its original Health Advisory en Sprouts in
1999, This advisory has been recently updated {10/02/2002) because of further sprout-related outbreaks of foodbome
{llness. The ISGA has taken positive steps to address this problem. For example, the sprout industry is pursuing the use
of 2% calcium hypochlorite for soaking of the seeds prior to germination and growth, This intervention method has the
potential to substantially reduce, but not necessarily eliminate, pathogenic microbial contamination of seeds that can be
passed on 1o the consumer through ingestion of raw sprouts. Thus, it is desirable to develop effective technologies that
can be applied to detect both E. coli O157 and Salmonella in alfalfa sprouts.

Tn this study, IMB-TRF technology has proved to have the potential to detect low levels of £. coli Q157 and
Salmonella in alfalfa seeds. The sensitivity of the developed immunoassay allows rapid detection of select pathogens
even when the background microflora counts are extremely high. The technelogy may be applied to both whole growing
sprouts or spent irrigation water as sampling sources and the results are obtained within 6 1o 7 hours. Furthermore, the
further development of a 96-well format would allow the described approach to be used as a high threughput screening
procedure for pathogens in sprouted food products.
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